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Review Article

Abstract
To assess the impact of the association of VDR TaqI polymorphism with T2 diabetic mellitus in Iraqi patients, 

a total of 200 T2DM diabetic were enrolled in this study. Polymerase chain reaction-restriction fragment length 
polymorphism was used to test the genotype and allele frequency of TaqI (rs731236). Results showed that Patients 
with T allele (TT or Tt) was significantly associated with higher risk of diabetic disease 39%, 78/200, 47.5%, 95/200; 
P=0.024) compared with patients without T allele (tt; 13.5%, 27/200; P=0.003). This association was also significant 
after adjusting for hemoglobin A1c level, body mass index, age, sex, and diabetes mellitus duration, concurrent 
dyslipidemia (odds ratio, 2.99; 95% confidence interval, 1.08 to 8.29; P=0.035) in logistic regression analysis. Our 
findings suggest that T allele of Taq1 polymorphism in VDR gene is associated with higher risk of diabetic disease 
in T2 diabetic Iraqi patients. Taq1 genotype could be used as a susceptibility marker to predict the risk of diabetes 
complication.
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Introduction
Type 2 diabetes mellitus (T2DM) is a multifactorial disease 

characterized by insulin resistance and altered insulin secretion and 
it’s influenced by both genetic and environmental factors. In Iraq, the 
prevalence of T2DM has increased dramatically with the adoption of a 
new lifestyle of over nutrition and reduced physical activity [1]. T2DM 
is associated with a high risk of vitamin D deficiency [2]. This deficiency 
is now considered a public-health because it has been associated with 
greater risks of other morbidities, such as cardiovascular disease and 
cancer [3,4]. Several studies have shown that vitamin D deficiency might 
play an important role in the pathogenesis of T2DM. Epidemiological 
data showed a reduction in vitamin D deficiency in a London 
Bangladeshi population at risk for T2DM compared with subjects not at 
risk [5]. Vitamin D primarily known to be involved in phospho-calcium 
homeostasis also regulates growth and differentiation of diverse types of 
cells through specific receptor [6]. Vitamin D and its metabolites could 
inhibit T-cell proliferation and suppress production of interleukin 1, 
interleukin 2, tumor necrosis factor-α and interferon-β [7,8]. In the non-
obese diabetic mouse model for insulin-dependent diabetes mellitus, 
vitamin D is necessary for normal insulin release and maintenance 
of glucose tolerance [9]. Vitamin D is activated after binding to its 
specific cytosolic/nuclear vitamin D receptor (VDR) [10,11]. VDR is a 
member of the steroid/thyroid hormone receptor family. The VDR gene 
as a important candidate gene for T2DM, because vitamin D exerts its 
effects through the VDR. Genetic alterations of the VDR gene may lead 
to defects in gene activation or changes in the protein structure of the 
VDR, both of which could affect the cellular functions of vitamin D. 
The VDR gene is located on chromosome 12q12–q14, and common 
polymorphisms have been identified namely BsmI (rs1544410), FokI 
(rs10735810), TaqI(rs731236 )and ApaI (rs7975232) [12]. The aim of 
this study was to investigate the association between VDR TaqI(rs731236 
gene polymorphisms and T2DM in Iraqi patients against control.

Genotyping and TaqI polymorphism 

The genomic DNA was isolated from peripheral leukocytes 
obtained from anticoagulant whole blood. Polymerase chain reaction-

restriction fragment length polymorphism (PCR-RFLP) was used to 
determine the Taq1 VDR gene polymorphism. Genotyping for TaqI 
(rs7975232) was performed with the following primers: Forward 5'-
CAG AGC ATG GAC AGG GAG CAA-3'. Reverse: 5'-GCA ACT 
CCT CAT GGC TGA GGT CTC-3'. A 740 bp fragment VDR gene was 
amplified using the PCR under reactions conditions identical to those 
used for the FokI polymorphism13. The PCR was conducted in a 25 
μL volume, with an initial denaturation of 3 minutes at 94°C, followed 
by 30 seconds denaturation at 94°C, 30 seconds annealing at 62°C, 
and 1 minute extension at 72°C for 30 cycles, and a final extension of 
5 minutes at 72°C. The PCR products were digested overnight at 37°C 
by Fermentas restriction enzymes, and resolved in 1.5% agarose gel 
ethidium bromide by electrophoresis for genotype analysis. Digestion 
with Taq1 yields 3 genotypes: the wild type homozygote (TT) showed 
two band (495&245) bp; heterozygote (Tt) showed four bands (495, 290, 
245, 205). Homozygote (tt) showed three bands (290, 245,205).

Results and Discussion 
Evaluation of the polymorphism within exon 9 of the VDR gene by 

Taq1 restriction digestion showed that the prevalence of T/T genotype 
was 78 (39 percent) in T2DM patients and 15 (20 percent) in controls. 
Results also revealed that the frequency of the T/T genotype was 95 
(47.5 percent), and 44 (58.6 percent) in T2DM patients and controls, 
respectively. The value for the T allele frequency in T2DM patients 
was 251 (62.5 percent), and in the control group was 74 (49.3 percent), 
while the value for the t allele frequency in T2DM patients was 149 
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(37.5 percent), and in the control group was 76 (50.6 percent). Results 
of this study demonstrated that the genotype and allele differences were 
significant in T2DM diabetic groups in comparison to the control group 
(p=0.0034 and p=0.0046). 

A significant association between the presence of the VDR TaqI 
T allele and T2DM was observed‚ while the VDR TaqI t allele was 
more frequent among the control individuals. These finding suggest a 
protective role for the t allele in contrast to the role of T allele which seems 
to be a predisposing factor to T2DM in the Iraqi population. In addition‚ 
the results seem to reinforce the association of the TT genotype with the 
susceptibility to the T2DM. On the other hand the result present study 
did not agree well with  an observation that corroborated with a meta-
analysis study [13]‚ in which the TT genotype association and the TaqI 
genotypes and allele non association with T2DM was clearly obtained. 
Results of this work is inconsistent with Errouagul [14] who observed 
that the tt allele was associated with T2DM in Morocco population. 
However‚ further studies failed to show an association between this 
polymorphisms and T2DM in a Polish [15] Malecki et al. and an Asian 
meta-analysis study [16]. On the other hand the Hardy-Weinberg 
Equilibrium (HWE) equation analysis is performed by calculating the 
allele frequencies and the resulting expected frequencies of the genotype 
based on these. If the observed frequencies of genotype are close to 
the expected genotype frequencies calculated from the observed allele 
frequencies, then the population is in Hardy–Weinberg Equilibrium and 
allele combinations are likely to be independent of one another. While 
testing for Hardy-Weinberg (H-W) equilibrium revealed that T2DM 

patients showed a significant variation in the distribution of VDR TaqI 
genotypes (P<0.0001) this was observed due to differences between 
the observed and expected frequencies of T/T, T/t and t/t genotypes. 
Moreover, significant differences were observed in the control sample, 
in which they and expected genotype frequencies (P<0.001) (Table 1). 

This study demonstrated that VDR gene polymorphism was 
associated with susceptibility to T2DM in the Iraqi population, which can 
be explained by differences in VDR TaqI genotype distributions between 
T2DM and control subjects. The presence of a correlation between VDR 
polymorphisms and T2DM associated metabolic parameters, including 
fasting glucose, glucose intolerance, insulin sensitivity, insulin secretion, 
and calcitriol levels, has been reported in this work studies (Figures 1 
and 2). VDR TaqI polymorphisms and T2DM are closely correlated. 
In patients with T2DM, VDR tt genotype were significantly lower in 
patients with T2DM than in control individuals. Carrying the t allele of 
the TaqI SNP might be protective against vitamin D deficiency: In agree 
with our results a recent meta-analysis did not find any association of the 
other three polymorphisms (Bsm1, Apa1 and Taq1) with an increased 
T2DM risk in overall and subgroup analysis [17].  

Conclusion
It is evident that vitamin D deficiency has prevailed in Iraqi 

population with T2DM. Alterations in vitamin D action could be may 
affect Insulin-Sensitivity, β-Cell action or both. Moreover our study 
documents a correlation between VDR Taq-I gene polymorphisms and 
susceptibility to T2DM in the Iraqi population. The possible action of 

 DM  Patients  Controls    P value Z statistic

(No.=200)  (No.=75)  OR*                                      95%Cl   

 No. % No. %     

TT 78 39 15 20 2.55 1.3578 to 4.8169 0.0034 2.9

Tt 95 47.5 44 58.66 0.6374 0.3726 to 1.090 0.1002 1.644

tt 27 13.5 16 21.33 0.5755 0.2900 to 1.142 0.1141 1.58

T 251 62.7 74 49.3 1.7301 1.1845 to 2.527 0.0046 2.83

t 149 37.3 76 50.7 0.578 0.3957 to 0.844 0.0046 2.836

Table 1: Observed numbers and percentage frequencies of VDR genotype and alleles at TaqI position in T2DM patients and controls.
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Figure 1: Distribution of the SNP − TaqI (rs731236) genotypes of the VDR  gene among T2DM Iraqi patients, compared with the non-diabetic control.
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Figure 2: PCR-RFLP analysis of the VDR gene  by the Taq1 in  the type 2 diabetes mellitus patients and healthy subjects:  The wild type homozygote (TT) showed 
two band (495&245)bp; heterozygote (Tt) showed four bands (495, 290, 245,205) bp. Homozygote (tt) showed three bands (290, 245,205)bp. The product was 
electrophoresed on 2 percent agarose gel at 90 volt for 1 hour‚ stained with ethidium bromide, then visualized under U.V light. (A) refers to non-diabetic (B) Diabetic 
life style  (C) Diabetic treated with oral hypoglycemic drug (D) Diabetic treated with Oral drug and insulin injection . M=marker (100-2000bp). 
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vitamin D in the pathogenesis of T2DM is far from being completely 
understood. Additionally, further knowledge on this issue may identify 
new candidate targets in the treatment and prevention of the disease. 
Therefore, further investigations on this issue are warranted.
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